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A device (1, 21, 28, 36, 37, 86, 103, 121, 128) 
for electronic packaging, the device including a dis- 
crete solid body having a pair of opposing generally 
parallel major surfaces, the solid body having a body 
portion of a porous valve metal oxide based material 
with a pair of exterior surfaces respectively constitut- 
ing portions of the major surfaces and extending in- 
ward from one major surface towards the other major 
surface, the body portion having one or more electri- 
cally insulated valve metal conductive traces of from 
about 10 urn to about 400 thickness in a direc- 
tion from one major surface to the other major surface 
embedded therein, one or more of said traces having 
a trace portion divergingly extending inward from an 
exterior surface constituting a portion of one of said 
major surfaces. A pin jig fixture (221, 232) for use 
with an electrical power source for porous anodization 
of a valve metal blank having a surface, the pin jig 
fixture comprising a bed of pins each having a leading 
end surface for intimate juxtaposition against the sur- 
face for masking a corresponding area thereof, one or 
more of said leading end surfaces being directly con- 
nected to the electrical power source for electrically 
connecting the electrical power source to the surface 
on intimate juxtaposition thereagainst. 
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DEVICE FOR ELECTRONIC PACKAGING, 
PIN JIG FIXTURE . 



FIELD OF THE INVENTION 

This invention relates to electronic packaging and assembly devices, 
including inter alia ball grid array packaging (BGA), chip size/scale 
packaging (CSP) and multi-chip-module/packaging (MCP/MCM), passive 
electrical devices, and a process of manufacturing therefor. In addition, the 
invention relates to a fixture for masking purposes. 

BACKGROUND OF THE INVENTION 

Microelectronic devices are typically manufactured from a brittle 
semiconductor material which requires protection from moisture and 
mechanical damage as provided for by an electronic package which also 
contains electrically conductive traces to connect between a semiconductor 
device and external circuitry. 

Depending on the intended complexity of an electronic package, a 
multi-layer interconnect structure can be interposed between one or more 
integrated circuit chips (ICCs) and a substrate (PCB). One such multi-layer 
interconnection structure is illustrated and described in US 5,661,341 to 
Neftin and includes aluminum layers, each layer typically having a thickness 
of several micrometers and being deposited on a previously prepared topside 
of an underlying layer. 
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Another package design which minimizes space requirements and 
provides a high density of interconnections between circuit chips and external 
circuitry is a Ball Grid Array (BGA) package,. Different types of BGA 
packages have been described in that art and include a metal based BGA 

5 package as illustrated and described in WO 94/22168 to Mahulikar and a 
plastic based BGA package as illustrated and described in US 5,355,283 to 
Marrs R.C. et al. US Patent 5,045,921 to Lin RT. et al. In the former type, a 
metallic base contains a plurality of electrical conductive vias which are 
electrically isolated from the base have opposite ends respectively electrically 

0 connected to external circuitry and an integrated circuit device. The process 
for manufacturing such a BGA package includes drilling holes in the metal 
base, anodizing the metal base and inserting metal pins into the insulated 
holes. Such a metal based BGA package has good thermal performance. In 
the latter type, an organic material is used to form dielectric layers of a 

5 multi-layered substrate having vias formed by mechanical or laser drilling and 
into which are inserted electrically conductive material. This BGA type 
package has low thermal performance and facilitates a relatively high 
interconnection density capability. 

BGA packages have now been developed with improved heat 

o dissipation from the heat producing dies. Particular implementations are 
illustrated and described inter alia in US Patent 5,583,778, US Patent 
5,767,575 and US Patent 5,629,835. 

Conventional masking for area selective anodization purposes is a 
relatively complicated and expensive process including the application and 

5 subsequent removal of an inert masking layer using photolithography and 
deposition techniques. A masking layer can be in the form of photoresist 
material, a dense oxide layer, a tantalum metal thin film, and the like. In US 
5,661.341. there is described the use of a photoresist mask. In WO 95/0884 1, 
there is described the use a dense oxide mask. In JP 1,180,998, there is 
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described the use of rubber mask. In JP 54,0332,279, there is described the 
use of a metal mask. In JP 59,094,438, there is described the use of a 
photoresist mask in an anodization process. 

SUMMARY OF THE INVENTION 

In accordance with a first aspect of the present invention, there is 
provided a device comprising a discrete solid body having a pair of opposing 
generally parallel major surfaces, said solid body having a body portion of a 
porous valve metal oxide based material with a pair of exterior surfaces 
respectively constituting portions of said major surfaces and extending inward 
from one said major surface towards the other said major surface, said body 
portion having one or more electrically insulated valve metal conductive 
traces of from about 10 ^m to about 400 ^m thickness in a direction from one 
said major surface to the other major surface embedded therein, one or more 
of said traces having a trace portion divergingly extending inward from an 
exterior surface constituting a portion of one of said major surfaces. 

Porous anodization penetrates an original valve metal blank at a 
slightly higher rate in the direction of a voltage difference across its opposing 
major surfaces than in a transverse direction thereto such that a circular 
masking element on one of a valve metal blank's major surfaces effectively 
protects an inwardly directed diverging cone shaped valve metal via during a 
so-called one-sided porous anodization of the blank. In a similar manner, a 
pair of circular masking elements applied to both of a blank's major surfaces 
in registration to one another such that their centers are concentric effectively 
protect a barrel shaped valve metal via during a so-called two-sided porous 
anodization. One-sided porous anodization can typically anodize a valve 
metal blank to a maximum porous oxide thickness of about 200 ^m relative to 
one of its opposing major surfaces whilst two-sided porous anodization can 
typically anodize a valve metal blank to a maximum porous oxide thickness 
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of about 400 (am thereby delimiting the thickness of an electrically insulated 
valve metal conductive trace from about 10 jam to about 400 jam thickness. 

A device of the present invention can be fabricated from suitable valve 
metal blanks of aluminum, titanium, tantalum, and other valve metals and 
5 preferably include inter alia Al 5052, Al 5083, AL 5086, Al 1100, Al 1145, 
and the like. A device of the present invention can be readily manufactured to 
customer requirements in terms of a desired product specification including 
inter alia electrical properties; thermo-mechanical properties such as thermal 
coefficient of expansion (TCE), Young modulus, elasticity; thermal properties 

io such as thermal conductivity coefficient; and other factors. A device of the 
present invention has good thermal performance, facilitates high 
interconnection density capability and can be manufactured by a low cost, 
simple, environmental friendly process. 

Each device can be considered as being constituted by different 

15 combinations of two or more types of basic building blocks extending 
between a device's opposing major surfaces. The building blocks include a 
full original valve metal building block, a full porous oxide building block, a 
composite porous oxide on original valve metal building block, a composite 
original valve metal on porous oxide building block and a sandwich porous 

20 oxide on original valve metal on porous oxide building block. A wide range 
of devices of the present invention are envisaged including inter alia a Ball 
Grid Array (BGA) support structure, a Multi-Chip Module (MCM) support 
structure, a Chip Scale Package (CSP) support structure for connecting IC 
devices or devices and electronic boards typically printed circuit boards 

25 (PCBs), an interconnect device for interconnection purposes, a coil for coil 
and transformer applications, and others. 

In accordance with a second aspect of the present invention, there is 
provided a process for manufacturing a device having a desired product 
specification, the process comprising the steps of: 
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(a) providing a discrete valve metal blank having a pair of opposing 
generally parallel major surfaces; 

(b) selectively masking at least one of the major surfaces of the blank in 
accordance with the desired product specification; and 

(c) porously anodizing the selectively masked blank for converting a 
body portion thereof into porous valve metal oxide and having a 
pair of exterior surfaces respectively constituting portions of the 
major surfaces and extending inward from one major surface to the 
other major surface, the body portion having one or more 
electrically insulated valve metal conductive traces of from about 10 
jam to about 400 jam thickness in a direction from one major surface 
to the other major surface embedded therein, one or more of the 
traces having a trace portion divergingly extending inward from an 
exterior surface constituting a portion of one of the major surfaces. 

The process of the present invention can manufacture a device with a 
relatively simple product specification with a single porous oxide thicknesses 
with respect to either one of the blank's opposing major surfaces from a valve 
metal blank by a single one-sided porous anodization or both of the blank's 
opposing major surfaces by a single dual-sided porous anodization. In 
addition, the process of the present invention can manufacture a device with a 
relatively complicated product specification with two or more different 
porous oxide thicknesses in respect of one or both of the blank's opposing 
major surfaces. Such different porous oxide thicknesses can be achieved 
either by two or more consecutive porous anodizations each with different 
masking or : alternatively, by a single porous anodization with masking 
applied to the blank's opposing major surfaces for protecting different areas 
thereof against porous anodization for different lengths of time. 

Different time delay protection can be achieved by dense oxide 
masking elements (hereinafter referred to as DOMEs) of different thicknesses 
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which are themselves converted to porous oxide during porous anodization. 
However, conversion of dense oxide occurs at a far slower rate than the 
conversion of original valve metal material such that, for example, a 0.1 ^m 
thick DOM protects underlying original valve metal material for about 3 
hours during which time one-sided porous anodization can normally convert 
original valve metal material to porous oxide to thickness of 40 jum. The 
process of the present invention can also employ a composite mask including 
a photoresist mask on a relatively thick DOM, for example, 0.5 (urn, so as to 
effectively block porous anodization of original valve metal material under 
the DOM. 

The process of manufacturing devices in accordance with the present 
invention is suitable for large area panel production containing a plurality of 
devices. 

During or post porous anodization, suitable substances can be 
impregnated into a blank's porous oxide portions in order to seal its pores, for 
example, as described in US Patent 3,622,473 to Toshiyuki et al. In addition, 
a blank typically thickens during porous anodization such that it requires 
planarization to a desired degree of planarity and to arrive at a desired 
thickness for the BGA, MCM, CSP support structures, and the like. 

In accordance with a third aspect of the present invention, there is 
provided a pin jig fixture for use with an electrical power source for porous 
anodization of a valve metal blank having a surface, the pin jig fixture 
comprising a bed of pins each having a leading end surface for intimate 
juxtaposition against the surface for masking a corresponding area thereof, 
one or more of said leading end surfaces being directly connected to the 
electrical power source for electrically connecting the electrical power source 
to the surface on intimate juxtaposition thereagainst. 

A pin jig fixture in accordance with the present invention enables the 
simultaneous masking of one or more areas of a surface of a valve metal 
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blank by its mechanical clamping thereagainst and the electrical connection to 
an electrical power source for porous anodization of the blank. Thus, the pin 
jig fixture advantageously negates the need for an otherwise redundant 
portion of a valve metal blank which is conventionally initially used for 
connection to an electrical power source and which is subsequently removed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to understand the invention and to see how it may be carried 
out in practice, preferred embodiments will now be described, by way of 
non-limiting examples only, with reference to the accompanying drawings, in 
which similar parts are likewise numbered and in which: 

Fig. 1 is a pictorial view of a device in accordance with a first 
embodiment of the present invention; 

Fig. 2 is a cross sectional view of the device of Figure 1 along line 
A- A in Figure 1; 

Fig. 3 is a pictorial view showing a single one-sided porous 
anodization process for the manufacture of the device of Figure 1; 

Figs. 4-6 correspond to Figures 1-3 for a device in accordance with a 
second embodiment of the present invention manufactured during a single 
dual-sided porous anodization process; 

Figs. 7-9 correspond to Figures 1-3 for a device in accordance with a 
third embodiment of the present invention manufactured during a single 
one-sided porous anodization process; 

Figs. 10-12 correspond to Figures 1-3 for a device in accordance with 
a fourth embodiment of the present invention manufactured during a single 
dual-sided porous anodization process; 

Fig. 13 is a pictorial view of a device in accordance with a fifth 
embodiment of the present invention; 
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Fig. 14 is a cross sectional view of the device of Figure 13 along line 
E-E in Figure 13; 

Figs. 15A and 15B are top views of two masks for the manufacture of 
the device of Figure 13 during a consecutive two stage dual-sided porous 
5 anodization process; 

Figs. 16A-16F are cross sectional views of a portion of an aluminum 
illustrating the process for manufacturing the device of Figure 13; 

Figs. 1 7A- 1 7C are top views of three masks for the manufacture of the 
device of Figure 13 during a one stage dual-sided porous anodization process 
i o with delayed masks; 

Figs. 18A-18J are cross sectional views of a portion of an aluminum 
blank illustrating the process for manufacturing of the device of Figure 13; 

Figs. 19 and 20 correspond to Figures 13 and 14 for a device in 
accordance with a sixth embodiment of the present invention, and Fig. 19B is 
1 5 a pictorial view of a modification of the device of Figure 1 9A; 

Figs. 21 and 22 correspond to Figures 13 and 14 for a device in 
accordance with a seventh embodiment of the present invention; 

Fig. 23 is a cross sectional view of a multi-layer device including an 
intermediate adhesive layer; 
20 Fig. 24 is a cross sectional view of a multi-layer device including 

electrically conductive solder balls; 

Fig. 25 is a cross sectional view of a BGA package in a cavity up, wire 
bonded configuration: 

Fig. 26 is a close-up cross sectional view of the BGA interposer 
25 structure of the BGA package of Fig. 25; 

Fig. 27 is a cross sectional view of a BGA package including a flip 
chip die with an electrically inoperative central portion of bumps, and a 
peripheral portion of I/O bumps; 
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Fig. 28 is a cross sectional view of a BGA package with a full array 
I/O flip chip die; 

Fig. 29 is a perspective view of a first embodiment of a pin jig fixture 
in accordance of the present invention; 
5 Fig. 30 is a cross section view of the pin jig fixture of Figure 31 along 

line I-I in Figure 29; 

Fig. 31 is a side view showing the mechanical clamping of a valve 
metal blank by two pin jig fixtures of Figure 29; and 

Figs. 32-34 correspond to Figures 29-31 in accordance with a second 
l o embodiment of a pin jig fixture of the present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

In the drawings, different materials during the process of 
manufacturing a device of the present invention are shown in different 
shading, the different materials including aluminum metal, porous aluminum 

15 oxide, dense aluminum oxide, and a mask. In addition, porous anodization is 
illustrated by arrows with curly tails whilst dense anodization is illustrated by 
arrows with straight tails. For the sake of clarity, the thicknesses of DOMEs 
which are typically in the range of about 0.1-0.5 jam are not drawn to scale 
relative to an aluminum blank which has an approximate 200 ^m thickness. 

20 With reference now to Figures 1-3, a device 1 for use as a BGA 

support structure, a MCM support structure, a CSP support structure and the 
like has a discrete solid body 2 with opposing generally parallel major 
surfaces 3 and 4. The solid body 2 has a sealed or unsealed porous aluminum 
oxide body portion 6 with a pair of exterior surfaces 7 and 8 constituting 

25 portions of the major surfaces 3 and 4, respectively. The body portion 6 has 
an array of one or more electrically insulated inverted frusto-conical 
aluminum vias 9 embedded therein. Each aluminum via 11 constitutes an 
electrically insulated original valve metal conductive trace and has exterior 
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surfaces 12 and 13 constituting portions of the major surfaces 3 and 4, 
respectively. The device 1 is manufactured from an aluminum blank 14 with 
a full mask 16 applied to its major surface 3 and an array 17 of circular 
masking elements 18 corresponding to the array of aluminum vias 9 applied 
5 to its major surface 4 prior to its undergoing one stage one-sided porous 
anodization. A typical device 1 has the follow specification: 1 = 0.2 cm, w = 
0.1 cm, h = 100 ^m, b = 300 |im, di = 35 ^m, and d 2 = 75 jam. 

Turning now to Figures 4-6, a device 21 is similar to the device 1 of 
Figure 1 and differs therefrom in that it is thicker and has an array of one or 

10 more barrel shaped aluminum vias 22, namely, each aluminum via 23 initially 
diverges and thereafter converges from an exterior surface 24 constituting a 
portion of the major surface 3 to an exterior surface 26 constituting a portion 
of the major surface 4. The device 21 is manufactured from an aluminum 
blank 27 with two identical arrays 17 applied to its major surfaces 3 and 4 

15 prior to its undergoing one stage dual-sided porous anodization. A typical 
device 21 has the following specification: 1 = 0.2 cm, w= 0.1 cm, h = 200 
|jjn, b = 0.3 mm, d] = 35 jam, and d 2 = 75 pm. 

Turning now to Figures 7-9, a device 28 is similar to the device 1 of 
Figure 1 and differs therefrom in that it manufactured from an aluminum 

20 blank 29 having an array of thin regions 31, each thin region 32 being atop a 
frusto-conical shaped recess 33. The aluminum blank 29 undergoes one stage 
one-sided porous anodization in a similar fashion to the aluminum blank 14 of 
Figure 3 so as to form an array of aluminum vias 9 in the thin regions 32 and 
whereby electrically insulated aluminum pockets 34 are also formed. A 

25 typical device 28 has the following specification: 1= 0.6 cm, w= 0.4 cm, hi = 
500 jam, h 2 = 100 (im, b = 1000 ^m, di = 100 |om, and d 2 = 150 jam. 

Turning now to Figures 10-12, a device 36 is similar to the device 28 
of Figure 7 and differs therefrom in that it has thicker thin portions 32 thereby 
requiring one stage dual-sided porous anodization in a similar fashion to the 
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blank 27 of Figure 6 which leads to an array of barrel-shaped aluminum vias 
22. A typical device 36 has the following specification: 1 = 0.4 cm, w = 0.4 
cm, hi = 500 |om, h 2 = 200 jam, b = 1000 jim, di = 150 ^m, and d 2 = 200 jim. 

Turning now to Figures 13 and 14, a device 37 is similar to the device 
21 of Figure 4 in that it includes an array of barrel shaped aluminum vias 22 
and differs therefrom in that it further includes an earthed aluminum slab 38 
also constituting an electrically insulated original valve metal conductive 
trace. The slab 38 has major surfaces 39 and 41 respectively parallel to the 
major surfaces 3 and 4 and an array of aluminum oxide insulating generally 
tubular portions 42, each tubular portion 43 outwardly extending to the major 
surfaces 3 and 4 and having an aluminum via 23 transversing therethrough. 
The slab 38 is earthed by means of an earth connection aluminum via 44. A 
typical device 37 has the following specification: 1 = 0.5 cm, w = 0.4 cm, hi = 
200 pjn, h 2 = h 4 =90 jam, h 3 = 20 ^m, b = 1 mm, di = 150 jam, d 2 - 300 jam, d 3 
= 600 ^m. 

The device 37 can be manufactured from an aluminum blank 46 with 
opposing major surfaces 47 and 48 by either a consecutive two stage 
dual-sided porous anodization process described hereinbelow with reference 
to Figures 16A-16F using masks described hereinbelow with reference to 
Figures 15A and 15B or, alternatively, a one stage dual-sided porous 
anodization process described hereinbelow with reference to Figures 18A-18J 
using masks described hereinbelow with reference to Figures 17A-17C. 

Turning now to Figures 15A and 15B, Figure 15A shows a mask 49 
for selectively masking each of the aluminum blanks major surfaces 47 and 
48 during a first dual-sided porous anodization step to arrive at an 
intermediate product 51 (see Figure 16C) whilst Figure 15B shows a mask 52 
for selectively masking each of the intermediate product's major surfaces 53 
and 54 during a second dual-sided porous anodization step for manufacturing 
a precursor 56 (see Figure 16F) of the device 37. The mask 49 includes an 
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array of circular masking elements 57 whilst the mask 52 includes an array of 
annular apertures 58. The mask 52 is missing an annular aperture in the 
bottom left hand corner for the forming of the aluminum via 44. The 
dimensions of the masking elements 57 and the apertures 58 are as follows: 
5 di = d 2 =300 (im 3 d 3 = 600 jam, and b =1000 ^m. 

Turning now to Figures 16A-16F, a pair of masks 49 are applied to the 
aluminum blank's major surfaces 47 and 48 in registration to one another 
such that centers of opposite masking elements 57 are concentric (see Figure 
16 A). The masked aluminum blank 46 undergoes a short first dual-sided 

io porous anodization to form the intermediate product 51 (see Figure 16B). 
The masks 49 are removed from the intermediate product 5 1 whereupon its 
major surfaces 53 and 54 each have a pattern of aluminum exterior surfaces 
59 and 61 corresponding to the masking elements 57 (see Figure 16C). A 
pair of masks 52 are applied to the intermediate product's major surfaces 53 

15 and 54 in registration to the pattern of aluminum exterior surfaces 59 and 61 
such that the center of each annular aperture 58 coincides with the center of 
an aluminum exterior surface 59 and 61 (see Figure 16D). The intermediate 
product 51 undergoes a second dual-sided porous anodization to form the 
precursor 56 (see Figure 16E) which is finished by lapping and polishing (see 

20 Figure 16F). 

Turning now to Figures 17A to 17C 5 Figure 17A shows a mask 62 for 
selectively masking the aluminum blank's major surfaces 47 and 48 during a 
low voltage dense anodization step to arrive at a first intermediate product 63 
(see Figure 18C) whilst Figure 17B shows a mask 64 for selectively masking 
25 the first intermediate product's major surfaces 66 and 67 during a high 
voltage dense anodization step to arrive at a second intermediate product 68 
(see Figure 18F) whilst Figure 17C shows a mask 69 for selectively masking 
the second intermediate product's major surfaces 71 and 72 during a porous 
anodization step to arrive at a precursor 73 (see Figure 18J) of the device 37. 
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The mask 62 includes an array of circular masking elements 74, the mask 64 
includes an array of circular apertures 76 and the mask 69 includes an array of 
circular masking elements 77. The mask 62 includes a smaller circular 
masking element in the bottom left hand corner for the forming of the 
5 aluminum via 44, The dimensions of the masking elements 74 and 77 and 
apertures 76 are as follows: di = 600 ^m, d 2 = d 3 = d 4 = 300 j^m and 
bi =b 2 = b 3 = 1000 jam. 

Turning now to Figures 18A to 18J, a pair of masks 62 are applied to 
the aluminum blank's major surfaces 47 and 48 in registration to one another 

io such that centers of opposite masking elements 67 are concentric (see Figure 
18A). The masked aluminum blank 46 undergoes a low voltage dual-sided 
dense anodization to form the intermediate product 63 with thin DOMEs 78 
(see Figure 18B). The masks 62 are removed from the intermediate product 
63 whereupon its major surfaces 66 and 67 each have a pattern of aluminum 

15 exterior surfaces 79 and 81 corresponding to the masking elements 74 (see 
Figure 18C). A pair of masks 64 are applied to the intermediate product's 
major surfaces 66 and 67 in registration to one another such that the center of 
each aperture 76 coincides with the center of an aluminum exterior surface 79 
and 81 (see Figure 18D). The intermediate product 63 undergoes a high 

20 voltage dual-sided dense anodization to form the intermediate product 68 with 
thick DOMEs 82 (see Figure 18E). The masks 64 are removed from the 
intermediate product 68 whereupon its major surfaces 71 and 72 each have a 
pattern of aluminum exterior surfaces 83 and 84 (see Figure 18F). A pair of 
masks 69 are applied to intermediate product's major surfaces 71 and 72 in 

25 registration with one another such that the centers of the masking elements 77 
coincide with the centers of the thick DOMs 82 (see Figure 18G). The 
intermediate product 68 undergoes dual-sided porous anodization to form the 
precursor 73 (see Figure 1811) which is finished by lapping and polishing to 
remove the thick DOMs 82 (see Figure 18J). 
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Turning now to Figures 19 and 20, a device 86 for use as an 
interconnection unit for connecting different electronic elements includes a 
discrete solid body 87 with opposing generally parallel major surfaces 88 and 
89. The solid body 87 has a sealed porous aluminum oxide body portion 91 
5 with a pair of exterior surfaces 92 and 93 constituting a portion of the major 
surfaces 88 and 89, respectively. The body portion 91 has an electrically 
insulated U-shaped aluminum trace 94 embedded therein. The trace 94 
includes a major horizontal generally rod-shaped trace portion 96 and two 
minor vertical trace portions 97 and 98 with exterior surfaces 99 and 101, 

io respectively, constituting a portion of the major surface 88. A typical device 
86 has the following specification: 1 = 3 cm, w= 3 cm, hi = 50 jam, h2 = I13 = 5 
jxm, li4 = 40 jam, b = 20 mm, di = 35 jam, d2 - 40 jam, s = 20.01 mm. 
Alternatively, the device 86 can have a trace 102 with oppositely directed 
minor vertical trace portions (see Figure 19B). 

15 Turning now to Figures 21 and 22, a device 103 for use as a coil for 

coil and transformer applications has a discrete solid body 104 with opposing 
generally parallel major surfaces 106 and 107. The solid body 104 has a 
sealed porous aluminum oxide body portion 108 with a pair of external 
surfaces 109 and 111 constituting portions of the major surfaces 106 and 107, 

20 respectively. The body portion 108 has an electrically insulated aluminum 
trace 112 embedded therein. The trace 112 includes a major horizontal 
coil-shaped trace portion 113 and two minor vertical trace portions 114 and 
116 with exterior surfaces 117 and 118, respectively, constituting portions of 
the major surfaces 109 and 111, respectively. A typical device 103 has the 

25 following specification: 1 = 0.5 cm, w = 0.5 cm, hi = 150 jam, h 2 = h 3 = h 4 = 
50 jam, a= 100 jam, c = 500 jam. 

Turning now to Figure 23, a multi-layer device 121 includes a pair of 
vertically stacked devices 86A and 86B, each device 86A and 86B having 
major surfaces 88 and 89, a trace 102, and vertical trace portions 97 and 98. 
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An intermediate layer constituted by a z-axis anisotropic adhesive layer 122, 
for example, commercially available from Loctite Corp. or Sheldhal, USA. is 
interdisposed between the opposite surfaces 89A and 88B of the two devices 
86A and 86B for both mechanically bonding the two devices and also for 
5 providing electrical connection between the opposite vertical trace portions 
98A and 97B, thereby enabling a through connection between the vertical 
trace portion 97 A and the vertical trace portion 98B. The multi-layer device 
121 further includes top and bottom solder mask layers 123 and 124 with 
apertures 126 revealing metal contacts 127 connected to the vertical trace 
io portions 97A and 98B. Figure 24 shows a multi-layer device 128 similar to 
the multi-layer device 121 except that electrically conducting solder balls 129 
are employed instead of the z-axis anisotropic adhesive layer 122. 

It can be appreciated that multi-layer devices 121 and 128 can be 
constructed from a wide range of the aforedescribed devices, and in particular 
15 from devices 37, for enabling a wide variety of different interconnection 
topographies. In addition, a multi-layer device can include a vertical stack of 
two or more devices depending on the desired complexity. 

Turning now to Figures 25 and 26, a BGA package 131 includes a 
BGA interposer structure 132 constituted by a device 37, an upper pad and 
20 signal layer 133, a lower pad layer 134, and upper and lower solder mask 
layers 136 formed with apertures 137. Upper pad and signal layer 133, and 
lower pad layer 134 each include 0.15^m gold, 4(om nickel and 15pjn copper 
layers. Solder mask layers 136 have a maximum thickness of 50^m. The 
BGA package 131 includes one or more dies 138 (only one of which is 
25 shown) which is adhesively mounted on an aluminum slug 139 integrally 
formed in the BGA interposer structure 132. The aluminum slug 139 is 
throughgoing and has the same footprint as the die 138. The die's I/O pads 
141 are connected to the upper pad layer 133 by wire bonds 142 whilst Sn/Pb 
solder balls 143 are connected between the bottom pad layer 134. and z PCB 
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board (not shown). Additional Sn/PB solder balls 144 are connected to the 
underside of the aluminum slug 139 for heat dissipation from the die 138. A 
metal cover 146 covers the BGA interposer structure 132 and its one or more 
dies 138. The metal cover 146 includes downward depending projections 147 
5 for being juxtaposed against the top surfaces of the one or more dies 138 for 
further facilitating heat dissipation therefrom. Typically, heat conduction is 
by way of a thin thermal grease layer 148. The cover 146 can be made from 
copper, aluminum, and the like. The approximate dimensions hi, . . h 6 are as 
follows: hj= 2.5 mm maximum, h 2 = 200jim, h 3 =0.25 to 0.5 mm, tu = 0.5 

io mm, h 5 = 0.5 to 0.6 mm, Ii6 = 0.6 mm, and the adhesive layer between the die 
and the slug is between about 0.03 and about 0.06 mm. 

Turning now to Figures 27 and 28, BGA packages 151 and 152 are 
similar to the BGA package 131 except that they are adapted for two different 
types of flip chip dies, namely, a flip chip die 153 having an array of bumps 

15 with an electrically inoperative central portion of bumps 153 A and a 
peripheral portion of I/O bumps 153B, and a flip chip die 154 with a full array 
of I/O bumps, respectively. In the former case, the BGA package 151 
includes a BGA interposer structure 156 with a slug 157 with a throughgoing 
central portion 157A having the same footprint as the die's central portion of 

20 bumps 153 A, and an intermediate surrounding skirt 157B underlying an 
electrically non-conducting portion 158, thereby being in indirect thermal 
contact with the die's peripheral portion of I/O bumps 153B. In the latter 
case, the BGA structure 152 includes an interposer structure 159 with a slug 
161 which is entirely covered by an electrically non-conducting portion 162, 

25 whereby the entire full array of I/O bumps is in indirect thermal contact with 
the slug 161. Both BGA packages 151 and 152 include covers 146 in direct 
thermal contact with the top surfaces of the dies for dissipating heat 
therefrom. The approximate dimensions hi, h 7 of the BGA packages 151 
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and 152 are as follows: hi= 2.1 mm maximum, h 2 = 200^m, h 3 =0.25 to 0.5 
mm, h 4 = 140±15 jim, h 5 = 0.5 to 0.6 mm, h 6 = 0.6 mm, and h 7 = 80|im-90|im. 

Turning now to Figures 29-31, a pin jig fixture 221 for use with an 
electrical power source (PS) 222 for porous anodization of a valve metal 
5 blank 223 with a surface 224 includes a bed of cone shaped pins 226. The 
bed of pins 226 is made from titanium and is directly connected to the power 
source 222. Each pin 227 has a leading end surface 228 for intimate 
juxtaposition against the surface 224 for connection of the blank 223 to the 
power source 222. During porous anodization, all the underside surface of 

10 the pin jig fixture 221 including the peripheral surfaces 229 of the pins 227 is 
converted into dense titanium oxide whilst all its interior including the cores 
231 of the pins 227 remain titanium such that the pin jig fixture 221 is 
suitable for multiple porous anodizations. In an alternate embodiment of the 
pin jig fixture 221, the bed of pins 226 is made from aluminum whereupon 

15 during porous anodization, the entire bed of pins 226 is eventually converted 
to porous aluminum oxide. 

Turning now to Figures 32-34, a pin jig fixture 232 similar to the pin 
jig fixture 221 and differs therefrom in that its bed of pins 233 is made from a 
non-metal substance., for example, ceramics whilst each pin 234 has a metal 

20 leading end surface 236 connected to the power source 222 and for intimate 
juxtaposition against the surface 224 of a valve metal blank 223. 

While the invention has been described with respect to a limited 
number of embodiments, it will be appreciated that many variations, 
25 modifications, and other applications of the invention can be made. 
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CLAIMS: 



1. A device comprising a discrete solid body having a pair of opposing 
generally parallel major surfaces, said solid body having a body portion of a 
porous valve metal oxide based material with a pair of exterior surfaces 
respectively constituting portions of said major surfaces and extending inward 
from one said major surface towards the other said major surface, said body 
portion having one or more electrically insulated valve metal conductive 
traces of from about 10 to about 400 jim thickness in a direction from one 
said major surface to the other said major surface embedded therein, one or 
more of said traces having a trace portion divergingly extending inward from 
an exterior surface constituting a portion of one of said major surfaces. 

2. A device according to claim 1 wherein said body portion has first and 
second adjacent portions with respective thicknesses of porous valve metal 
oxide based material in a direction between said opposing major surfaces 
wherein said first thickness equals the thickness between said pair of 
opposing major surfaces and said second thickness equals zero thickness. 

3. A device according to claim 2 wherein said body portion has first and 
second adjacent portions with respective thicknesses of porous valve metal 
oxide based material in a direction between said major surfaces wherein said 
first thickness equals the thickness between said pair of opposing major 
surfaces and said second thickness is less than said first thickness inwardly 
extending from one major surface to the other major surface. 

4. A device according to claim 3 wherein said second portion has 
thicknesses of porous valve metal oxide based material inwardly extending 
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from both of said pair of opposing surfaces and sum of said thicknesses is less 
than said first thickness. 

5. A device according to claim 1 wherein said one or more electrically 
5 insulated traces is constituted by one or more electrically insulated vias 

extending between said opposing major surfaces. 

6. A device according to claim 5 wherein said solid body has one or 
more recesses inwardly extending from one major surface to the other major 

10 surface thereby defining a thin portion atop each recess, one or more of said 
thin portions each being formed with a via. 

7. A device according to either claim 5 or 6 and wherein said one or 
more electrically conductive traces further comprises a slab with major 

15 surfaces substantially parallel to said opposing major surfaces, said slab 
having one or more porous valve metal oxide based material tubular portions 
in registration with said one or more vias such that a via passes through a 
tubular portion. 

20 8. A device according to claim 7 and wherein said slab is connected to 
one or more of said vias. 

9. A device according to claim 1 wherein said one or more electrically 
conductive traces is constituted by a trace having a major generally horizontal 

25 trace portion and two or more minor vertical trace portions connected to said 
major horizontal trace portion and each having an exterior surface. 

10. A device according to claim 9 wherein said major trace portion is 
generally rod shaped. 
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11. A device according to claim 9 wherein said major trace portion is coil 
shaped. 

5 12. A multi-layer device comprising: 

(a) a vertical stack of two or more devices according to any one of 
claims 1 to 9 whereby a pair of said devices have opposite surfaces 
each with one or more electrical contacts; and 

(b) an intermediate layer is interdisposed between a pair of said 
io opposite surfaces for enabling electrical connection between a pair 

of electrical contacts on opposite sides thereof. 

13. The multi-layer device according to claim 12 wherein an intermediate 
layer is a z-axis anisotropic adhesive. 

15 

14. The multi-layer device according to claim 12 wherein an intermediate 
layer includes electrically conducting solder balls. 

15. A BGA package comprising: 

20 (a) a BGA interposer structure including a device according to any 

one of the claims 1 to 14 with a valve metal slug, an upper pad and 
signal layer, and a lower pad layer with solder balls; 

(b) a die having I/O connected to said upper pad and signal layer, and 
overlying said slug and in thermal connection therewith for 

25 dissipating heat therefrom through said slug; and 

(c) a cover for covering said BGA interposer structure. 

16. The BGA package according to claim 15 wherein the die is a wire 
bond type die, and the die is adhesively mounted on said slug. 
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17. The BGA package according to claim 16 wherein said cover has a 
downward depending projection in thermal communication with the top 
surface of the die for heat dissipation therefrom through said coven 

18. The BGA structure according to claim 15 wherein the die is a flip 
chip die having an array of bumps with a central portion in direct thermal 
contact with said slug, and a peripheral portion of I/O bumps in indirect 
thermal contact with said slug via an electrically insulating portion of said 
BGA interposer structure. 



19. The BGA package according to claim 15 wherein the die is a flip 
chip die having a foil array of I/O bumps in indirect thermal contact with said 
slug via an electrically insulating portion of said BGA interposer structure. 

20. The BGA package according to either one of claims 18 and 19 
wherein said cover is in thermal communication with the top surface of the 
die for dissipating heat therefrom through said cover. 

21. A process for manufacturing a device having a desired product 
specification, the process comprising the steps of: 

(a) providing a discrete valve metal blank having a pair of opposing 
generally parallel major surfaces; 

(b) selectively masking at least one of the major surfaces of the blank 
in accordance with the desired product specification; and 

(c) porously anodizing the selectively masked blank for converting a 
body portion thereof into porous valve metal oxide and having a 
pair of exterior surfaces respectively constituting portions of the 
major surfaces and extending inward from one major surface to 
the other major surface, the body portion having one or more 
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electrically insulated valve metal conductive traces of from about 
10 jam to about 400 ^m thickness in a direction from one major 
surface to the other major surface embedded therein, one or more 
of the traces having a trace portion divergingly extending inward 
from an exterior surface constituting a portion of one of the major 
surfaces. 

22. A process according to claim 21 wherein step (b) includes selectively 
masking one opposing major surface and substantially entirely masking the 
other opposing major surface and step (c) includes a one stage one-sided 
porous anodization whereby each trace portion continuously diverges from 
the selectively masked major surface to the entirely masked major surface. 

23. A process according to claim 21 wherein step (b) includes selectively 
masking both opposing major surface and step (c) includes a one stage 
dual-sided porous anodization whereby each trace portion initially diverges 
and thereafter converges from one selectively masked major surface towards 
the other selectively masked major surface. 

24. A process according to claim 21 wherein an intermediate product has 
at least one major surface with a pattern of valve metal exterior surfaces and 
step (b) includes at least selectively masking a portion of the pattern of valve 
metal exterior surfaces and step (c) includes porously anodizing the at least 
one major surface with a partially masked pattern of valve metal exterior 
surfaces. 

25. A process according to claim 24 further comprising the steps of 
selectively masking at least one opposing major surface of a blank and 
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porously anodizing the at least one selectively masked major surface to obtain 
the pattern of valve metal exterior surfaces of the intermediate product. 

26. A process according to claim 24 further comprising the steps of 
5 selectively masking at least one opposing major surface of a blank and 

densely anodizing the at least one selectively masked major surface to obtain 
the pattern of valve metal exterior surfaces of the intermediate product. 

27. A process according to claim 25 wherein the step of densely anodizing 
10 forms a pattern of dense oxide masking elements, each dense oxide masking 

element being of a predetermined thickness in a direction from one major 
surface to the other major surface whereby a dense oxide masking element 
delays porous anodization as a function of its thickness. 

15 28. A pin jig fixture for use with an electrical power source for porous 
anodization of a valve metal blank having a surface, the pin jig fixture 
comprising a bed of pins each having a leading end surface for intimate 
juxtaposition against the surface for masking a corresponding area thereof, 
one or more of said leading end surfaces being directly connected to the 

20 electrical power source for electrically connecting the electrical power source 
to the surface on intimate juxtaposition thereagainst. 

29. A pin jig fixture according to claim 28 wherein said bed of pins is 
formed from an electrically conductive metal based material. 

25 

30. A pin jig fixture according to claim 29 wherein said bed of nails is 
formed from an anodization resistant valve metal based material. 
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